S
tate education standards are important because they presumably describe what students learn and produce the state's desired educational outcomes. Therefore, it is not surprising that many teachers, administrators, and others have worked hard to implement rigorous standards. Yet despite these efforts, classroom activities and practices often have not aligned with standards for science education (Weiss 1997) .
In this article I explore the relationship of state standards for the teaching of evolution to the actual teaching of that subject. I used Lerner's (2000) analysis of states' standards for the teaching of evolution as an indicator of the quality of those standards. Lerner, who used a variety of criteria to make his evaluations (e.g., if human evolution is treated explicitly), reported that
• ten states do a very good to excellent job of treating evolution in their educational standards (i.e., received a grade of A)
• fourteen states do a good job (grade of B)
• seven states do a satisfactory job (grade of C)
• six states do an unsatisfactory job (grade of D)
• thirteen states received a grade of F or F-, indicating that their standards are "useless for purposes of teaching evolution"
• ten of the states receiving grades of D or worse do not use the word evolution in their educational guidelines, and one (Maine) uses it only once Nationwide, states' standards for teaching evolution averaged a grade of C, or satisfactory (Lerner 2000) . Although many educators were encouraged by Lerner's report, others found it worrisome. Some states have high standards, but many others do not. Table 1 summarizes the relationship of states' standards for teaching evolution (Lerner 2000) to the evolution-related attitudes and actions of biology teachers in those states. Although the survey data presented in this table are limited in some respects (e.g., surveys of teachers' evolution-related attitudes and actions have been published for only 15 states, and survey instruments and procedures were not uniform), interesting and consistent conclusions emerge. For example, in states with low standards for the teaching of evolution (e.g., states with grades of D, F, or F-, such as Illinois, Kentucky, Ohio, Georgia, and Kansas), relatively large percentages of biology teachers believe that creationism should be taught in science classes in public schools (Table 1 ). In some of these states, sizable numbers of biology teachers actually teach creationism in their classes, even though Edwards v. Aguillard established that doing so is unconstitutional (Moore 2002) .
The presence of unsatisfactory or useless standards for teaching evolution also coincides with biology teachers' lack of emphasis on evolution (as in Tennessee and Oklahoma) and states' antiscience policies, such as requiring antievolution disclaimers in biology textbooks (as in Alabama, for example). Low standards for teaching evolution are found not only in the Bible Belt; they also occur in states such as Ohio and Illinois (Table 1) .
The news is no better in states with satisfactory (a grade of C) standards for teaching evolution. For example, in one such state, Louisiana (Aguillard 1999 , Moore 1999c ),
• 29 percent of biology teachers want to teach creationism in their courses
• 24 percent of biology teachers believe that creationism is a scientifically valid concept, and another 17 percent believe that creationism may be scientifically valid
• 14 percent of biology teachers teach creationism in their courses
• 23 percent of biology teachers put little or no emphasis on evolution a. From Lerner (2000) .
Moreover, the Louisiana Committee for Science Standards groups evolution with subjects such as incest, the occult, witchcraft, and drug use-topics that the committee believes should be banned from the state exit exam taken by high school students. Many of Louisiana's biology teachers don't recall hearing the word evolution in their college biology courses, apparently because their professors did not teach it. In Texas, another state with "satisfactory" standards, evolution is covered inadequately in at least half of all biology courses (Shankar 1990, Shankar and Skoog 1993) . Thus, the presence of so-called satisfactory guidelines for teaching evolution coincides with a large percentage of biology teachers who endorse-and sometimes teach-creationism in their courses.
What about states that have "good" (e.g., Minnesota, South Dakota) or "excellent or very good" (Indiana, Pennsylvania) standards for teaching evolution? Although these states have the nation's highest standards for teaching evolution, surprisingly large percentages of their biology teachers spend little time teaching it, believe that creationism should be included in science classes, and question the scientific validity of evolution (Table 1) .
Do standards matter?
Although standards for teaching science have been touted as important for the reform of science education, they often mean little in biology classrooms. Indeed, surprisingly large percentages of biology teachers throughout the United States endorse creationism, question evolution, and even teach creationism in their courses, regardless of the state's standards for evolution education. Creationism is alive and well in biology classrooms (Moore 1999c) .
The connections between state standards and individual teachers' decisions, beliefs, and teaching behaviors are complex, as is the intermingling of factors that influence the teaching of evolution, including textbooks, tests, curricula, political pressures, and religious beliefs (Lerner 2000) . The teaching of evolution is also influenced by biology teachers' acceptance or rejection of evolution. Indeed, many biology teachers avoid or do a poor job of teaching evolution, endorse creationism, or-in some cases-teach creationism. One important consequence is that "over a quarter, and perhaps as many as half, of the nation's high school students receive an education that is shaped by creationist influence, despite the overwhelming opposition of the nation's scientific, educational, intellectual, and media establishments" (Eve and Harrold 1991) . Thus, many of our former students-that is, the public-endorse creationism over evolution (Gallup and Newport 1991 , Greenwood and North 1999 , Finn and Kanstoroom 2000 , Sonderstrom 2000 , Moore 2002 ). Many of the students who graduate with degrees in biology, including many who become biology teachers, question or reject evolution.
The endorsement of creationism by at least one-third of biology teachers is not a new phenomenon. For example, more than 60 years ago, biologist Oscar Riddle (1941) reported on the popularity of creationism among biology teachers, noting that fewer than half of high school biology teachers taught evolution. Years later, Herman Muller (1959) again noted that biology teaching was dominated by "antiquated religious traditions."When the National Association of Biology Teachers (NABT) established its Fund for Freedom in Science Teaching in the 1970s to combat the antiscience campaigns of creationists, many NABT members were offended. According to Nelkin (1982) , "letters poured into" NABT's national office demanding that the organization give creationists equal time and stop trying to "persecute creationists" and "promote atheism and agnosticism in the schools." To appease its many creationist members, NABT sponsored a wellattended session about creationism at its annual meeting and published several articles promoting creationism in its journal, The American Biology Teacher (Gish 1970 , 1973 , Moore 1973 , Nelkin 1982 . Today, that journal does not publish articles espousing creationism, but many biology teachers continue to proclaim their endorsement of it and their rejection of evolution (Table 1; Harp 1999 , Moore 1999a , 2002 , Scanlon and Uy 1999 , Wolfson 1999 .
Evolution education and the value of standards
Of what value, then, are standards for the teaching of evolution? In 1999 there was a national outcry when education officials in Kansas removed evolution from the state's educational guidelines. It was subsequently restored, but evolution remains absent or poorly treated in the guidelines of many other states (Lerner 2000) . Inadequate standards in these states have failed to rouse a similar level of public ire, even though they have been described as "reprehensible,""totally useless," and "an embarrassing display of ignorance" (Lerner 2000) .
Although high-quality standards for the teaching of evolution do not ensure that all biology teachers will teach the subject (Table 1) , standards are nevertheless important because they provide support for teachers who do want to teach evolution. Such standards can be used by these teachers to offset or neutralize protests from creationist students, parents, and administrators who want creationism to be taught (or evolution not to be taught) in science classes. For these teachers, high standards for teaching evolution could determine whether evolution is taught or ignored in a biology class. If states with high standards for teaching evolution were to abandon those standards, their teachers might succumb to political pressures and decide not to teach evolution.
If we want to improve the status of evolution-related education, we must continue to emphasize to students and teachers that evolution is the unifying concept in biology, that biology cannot be taught effectively without the inclusion of evolution, and that the concept of creationism is unscientific and its teaching unconstitutional. We must also require our students to take more evolution-related courses. Although some evidence suggests that such courses do not affect students' acceptance of evolution (Lawson and Worsnop 1992, Sinclair and Pendarvis 1998) , other studies suggest that teachers who have a better understanding of evolution and the nature of science-because they took more courses about evolution, for example-allocate more time to the subject and do a better job of teaching it (Aguillard 1999, Rutledge and Mitchell 2002) .
